Two trials were conducted to evaluate effects of dietary potassium (K) concentration and lasalocid (L) in lamb finishing diets. Treatments were arranged in a 2 X 2 factorial and consisted of a 65% concentrate diet with 1.1% K (C), .9% K + 21.3 mg L/kg (eL), 2.1% K (P) and 2.5% K + 20 nag L/kg (PL). In trial 1, 64 fine-wool lambs (initial wt 35.3 kg) were randomly assigned to the four treatments (two pens of four wethers and four ewes/treatment) for a 56-d feeding trial. Average daily gain was not affected by K, but was increased (P<.IO) by L (.23 vs .26 kg/d). Lasalocid tended (P<.20) to improve feed:gain ratio (5.6 vs 6.3). A K X L interaction (P<.06) was noted for feed intake, with values of 1.37, 1.45, 1.49 and 1.51 kg'head -l"d -1 for the C, eL, P and PL groups, respectively. In trial 2, 16 wether lambs (four/treatment fed at 2% of body weight) were used in a site and extent of digestion and nitrogen (N) balance trial, using the same four diets as in trial 1. Site of digestion was estimated from abomasal samples taken at slaughter, with indigestible acid detergent fiber as a marker. Total tract organic matter digestibility was increased (P<.05) with added K (80.1 vs 76.4%) and L (80 vs 76.4%). Ruminal starch digestibility was not affected by added K, but was decreased (P<.IO) by added L (71.8 vs 88.2%). A K X L interaction (P<.05) was observed for ruminal neutral detergent fiber (NDF) digestibility. Neutral detergent fiber digestibility in the C and CL diet was similar (48.0 vs 51.5%), while NDF digestion in the PL diet was greater (P<.10) than for the P diet (59.9 vs 37.3%). Nitrogen digestibility and N balance were similar among treatments. Ruminal ammonia concentration in samples taken at slaughter was not affected by treatments. Interactions (P<.05) of K X L occurred for mola~ proportions of ruminal acetate and propionate and for serum urea nitrogen (BUN). The CL diet had lower acetate and higher propionate (P<.05) than the C diet, but acetate and propionate levels were similar in the P and PL diets. The CL diet resulted in lower (P<.IO) BUN than the C diet, but the PL diet resulted in higher (P<.10) BUN than the P diet. Potassium levels up to 2.5% of dietary dry matter do not have major effects on feedlot performance of lambs, but may alter digestion and fermentation patterns.
Introduction
Lasalocid is an ionophore approved for coccidiosis control in feedlot lambs (Foreyt et al., 1979 (Foreyt et al., , 1981a Horton and Stockdale, 1981) . Lasalocid also improves performance in ruminants by increasing rate of gain and improving feed efficiency by decreasing the acetate-to-propionate ratio in the rumen (Bartley et al., 1979; Berger et al., 1981; Thonney et al., 1981) .
Lasalocid is one of several polyether ionoa Journal article 1204 of the New Mexico Agr. Exp. Sta., Las Cruces.
2Dept. of Anim. and Range Sci. Received October 22, 1985. Accepted April 8, 1986. phores, and its action is similar to that of monensin (Fuller and Johnson, 1981) . Ionophores interact with cations and interfere with normal ion transport across cell membranes (Bergen and Bates, 1984) . Disruption of cellular ion balance results in death of coccidial parasites and changes in the rumen bacterial population as a result of selective antimicrobial activity (Dennis et al., 1981) . Monensin has a greater affinity for Na ions than K ions, but lasalocid has a greater affinity for K ions and an equal affinity for Na and Ca ions (Bergen and Bates, 1984) .
A model proposed by Harold and Baarda (1967) suggested that ionophores may exert their antimicrobial activity by depleting intracellular K, and this effect might be reversed if extracellular K concentration was increased.
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J. Anim. Sci. 1986 .63:685-691 e20 mg/kg when included. Dawson and Boling (1984) reported increased resistance of rumen bacteria to both monensin and lasalocid when K concentration was increased in vitro. Little work has evaluated effects of dietary cation levels on ionophore activity. The following experiment determined if K level in sheep finishing diets influenced effects of lasalocid on lamb performance, site and extent of digestion and nitrogen balance.
Experimental Procedure
Performance Trial. Sixty-four fine-wool lambs (32 wethers and 32 ewes), initial wt of 35.3 kg, were randomly assigned to four diets in a 56-d feeding trial. Treatments were arranged as a 2 X 2 factorial (K and lasalocid 3 (L) as factors) in a completely random design.
a Bovatec-Hoffman LaRoche, Inc., Nutley, NJ.
Sixty-five percent concentrate diets (table 1) were formulated to contain .8 or 1.6% K with or without 20 mg L/kg, and were mixed and pelleted by a commercial feed mill. Actual analysis indicated the control diet had 1.1% K (C), the control diet plus L had .9% K and 21.3 mg L/kg (CL), the added K diet had 2.1% K (P) and the added K diet plus L had 2.5% K and 20 mg L/kg (PL). Lambs were housed in 4.5-• 17-m dirt-lot pens with four wether and four ewe lambs/pen and two pens/treatment. Lambs were allowed ad libitum access to feed and water. Lambs were weighed (unshrunk weights) at the beginning and every 2 wk thereafter during the trial.
Feed intake, average daily gain (ADG) and feed efficiency for the 56-d trial were analyzed as a completely random design by analysis of variance using pens as experimental units. The model included effects for K, L and K • L. When the K • L interaction was not significant, main effect means were tested by an F test; however, means of variables with a significant (P<.05) K x L interaction were separated by the least significant difference method (Snedecor and Cochran, 1967) .
Digestion and Nitrogen Balance Trial.
Sixteen white-face wether lambs, average initial weight of 35 kg, were used in a site and extent of digestion and N balance trial, with the same four diets used in the performance trial (four lambs/treatment). Lambs were caged in individual metabolism crates and fitted with fecal collection bags. Lambs were fed at 2% of body weight (dry matter basis) in two equal portions daily (0700 and 1900). Fourteen days were allowed for adaptation. On d 15 through 21, total fecal and urine collections were made. Fecal collection bags were emptied once daily. A 10% subsample of feces was obtained from thoroughly mixed total collections and refrigerated. Daily subsamples were composited for each animal over the collection period. At the end of the trial, feces were dried at 55 C for 48 h and allowed to air-equilibrate for 24 h. Urine was collected into bottles that were emptied daily. Twenty milliliters of 50% HC1 were placed in urine collection bottles at the start of each daily collection to prevent loss of ammonia. Daily urine volumes were measured, 10% subsamples were composited for each lamb and samples were refrigerated. Urine samples were frozen at the end of the collection period. Feed samples were taken daily and composited for each treatment. Orts were measured daily from the beginning of the collection period.
Lambs were slaughtered (stunned and exsanguinated) on two successive days immediately following the collection period. Two lambs/treatment were randomly selected for slaughter on each day. Blood samples were collected in test tubes when the jugular vein was severed. Blood was centrifuged at 2,000 • g and serum was stored frozen. Serum was sent to a commercial laboratory 4 for analysis of urea N by a kinetic urease procedure.
Within 15 to 20 min after slaughter, the gastrointestinal tract was removed from each lamb, the rumen and abomasum ligated and the entire contents removed from these organs. A subsample of rumen contents was strained 4Southwest Medical Diagnostic Lab., Las Cruces, NM 88003. through four layers of cheesecloth, acidified with 1 ml of 7.2 N H2SO4/100 ml rumen fluid and frozen. Abomasal samples were frozen and later thawed and dried at 55 C.
Feed, abomasal and fecal samples were analyzed for dry matter and ash, (AOAC, 1980) , neutral detergent fiber (NDF; Goering and Van Soest, 1970) and starch (MacRae and Armstrong, 1968) . Feed and feceswere analyzed for N by the Kjeldahl method (AOAC, 1980) . Feed and abomasal samples were analyzed for indigestible acid detergent fiber (Berger et al., 1979) . Indigestible acid detergent fiber content was calculated on an organic matter basis, because of sand contamination present in some abomasal samples, and used as a marker to estimate ruminal digestion (El Tayeb et al., 1984) . Feed samples were analyzed for K content by atomic emission spectrocopy (AOAC, 1980) and for lasalocid by the method of Osadca and Arujo (1978) .
Rumen samples were thawed at room temperature and centrifuged at 10,000 x g for 10 min. Supernatant fluid was analyzed for ammonia by the procedure of Broderick and Kang (1980) . After addition of 2-ethylbutryric acid as an internal standard, fluid was recentrifuged for 10 min at 10,000 X g and volatile fatty acid (VFA) concentrations were analyzed by gas chromatography (Goetsch and Galyean, 1983) .
Digestion trial data were analyzed as a competely random design by analysis of variance with effects for K, L and K X L. When significant interactions were observed, simple effect means were separated by the least significant difference method (Snedecor and Cochran, 1967) . Main effect means for K and L were calculated when no K x L interaction was noted, and significance was determined by an F-test.
Results and Discussion
Performance Trial. An interaction (P<.06) of K and L was observed for feed intake. Lasalocid in the CL diet increased feed intake by 6%, but L in the PL diet had no effect on feed intake (table 2). The lack of response to L in the PL diet may be a result of the 9% increase in intake from addition of K alone. Zinn et al. (1982) also observed increased intake by steers when K level was increased from .65 to 1% in an 88% concentrate finishing diet.
The increase in feed intake with addition of gMain effect means for lasalocid differ (P<.10).
L to the basal K diet is not consistent with reports of decreased feed intake with L in cattle diets (Bartley et al., 1979; Berger et al., 1981; Gutierrez et al., 1982) . Differences may be attributed to differences between species, diets or L levels. Several investigators reported that L improved body weight gain in cattle (Berger et al., 1981; Spears and Harvey, 1984) . In our study, L increased (P<.10) ADG by 13%, and it tended (P<.20) to improve feed efficiency (table 2). Increased K intake had no effect on either feed efficiency or body wt gain.
Digestibility and Nitrogen Balance Trial.
Lasalocid increased (P<.05) total tract dry matter (77.9 vs 73.4%) and organic matter digestibility (80.0 vs 76.4%) and tended (P<.22) to decrease ruminal organic matter digestibility (table 3) . Paterson et al. (1983) and Ricke et al. (1984) found no effect of L on total tract dry matter digestibility; however, Muntifering et al. (1981) reported that monensin decreased ruminal organic matter digestibility. Recently, Zorrilla-Rios et al. (1985) reported L at 300 mg'head -1 "d -1 reduced ruminal organic matter digestibility in steers grazing mature wheat forage (64.6 vs 55.3% ruminal organic matter digestibility for control and L-supplemented steers, respectively). Ionophores may decrease ruminal digestion by inhibiting bacterial growth. Poos et al. (1979) reported a decrease in bacterial nitrogen entering the small intestine when monensin was fed. Elevation of total tract digestibility suggests that L may shift site of digestion to the lower tract.
Additional K increased (P<.05) total tract dry matter (77.0 vs 74.3%) and organic matter digestibility (80.1 vs 76.4%) and tended (P<.20) to increase ruminal organic matter digestion (table 3) . Higher levels of K may create a more favorable rumen environment by affecting ruminal osmolarity or buffering capacity. However, Doran et al. (1985) found no effect of added K up to .95% of dietary dry matter on rumen pH in steers fed a 90% concentrate diet.
Ruminal starch digestibility was decreased (P<.10) by L (71.8 vs 88.2%), while total tract starch digestibility was not changed (table 3) . Similar results were observed by Muntifering et al. (1981) with monensin in cattle finishing diets. The shift of starch digestion to the small intestine may partly account for improved performance with ionophores, because starch should be metabolized more efficiently when digested in the small intestine.
Potassium level had no effect on ruminal starch digestibility (table 3) ; however, total tract starch digestibility was increased (P<.05) by added K. The extent to which this small difference (99.0 vs 99.4%) would be of biological importance is questionable.
An interaction of K and L (P<.05) was observed for NDF digestibility (table 3) . Lasalocid in the CL diet had no effect on ruminal or total tract digestion. Ricke et al. (1984) also found no effect of L on NDF digestion in sheep. Additional K decreased (P<.10) ruminal and total tract NDF digesti-bility (48.0 and 56.5% for ruminal and total tract NDF digestibility for the C diet compared with 37.3 and 49.9, respectively, for the P diet). However, when L was included in the PL diet, ruminal NDF digestion was increased (P<.10) by 60% compared with NDF digestion of the P diet alone. These results indicate starch-and fiber-digesting bacteria respond differently to L, depending on dietary K level. Higher ruminal K levels may increase resistance of fiber-digesting bacteria to L, while having a lesser effect on resistance of starch-digesting bacteria, resulting in a higher than normal proportion of fiber-digesting bacteria in the rumen with the PL diet. However, the importance of fiber digestion in high concentrate diets, such as the one used in this study, is probably limited in terms of improved animal performance.
Nitrogen digestibility was unaffected by L (table 3) . Others have reported increased N digestion with L (Paterson et al., 1983; Ricke et al., 1984) . Additional K increased (P<.05) N digestibility (table 3, 73.9 vs 70.2%). All lambs had similar N balance (table 3) . Any advantage of added dietary K for increased N absorption appeared to be lost as urinary N.
The extent to which differences in chemical composition (table 1) of the diets, particularly starch, N and NDF, affected results of the digestion trial is unknown. However, differences in starch and N content were not reflected in a K x L interaction, and although NDF digestion showed a K x L interaction, the nature of the interaction did not appear to be related to NDF content of the diets.
An interaction of K and L (P<.05) was observed for molar proportions of ruminal acetate and propionate (table 4). Lasalocid in the CL diet decreased (P<.05) acetate and increased (P<.05) propionate levels compared with the C diet, which agrees with results of other studies (Fuller and Johnson, 1981; Gutierrez et al., 1982; Ricke et al., 1984; Spears and Harvey, 1984) . Likewise, acetate was decreased (P<.05) and propionate increased (P<.05) in the P compared with the C diet. Addition of L to the P diet had no effect on acetate or propionate proportions, suggesting that higher dietary K may decrease the selective antimicrohiaI activity of L. However, if such shifts in VFA proportions occurred in the performance trial, they were not reflected in altered daily gain or feed efficiency. Total VFA concentration and molar proportions of butyrate, isobutyrate, valerate and isovalerate were unaffected by either L or K level (table 4) .
Lasalocid has been shown to depress ammonia production in an in vitro fermentation system (Fuller and Johnson, 1981) ; however, in our study, ruminal ammonia concentration was not affected by addition of either L or K to the basal diet (table 4) . Similarly, Ricke et al. (1984) and Spears and Harvey (1984) reported that L did not affect ruminal ammonia levels. Because monensin depresses ruminal ammonia levels (Poos et al., 1979; Ricke et al., 1984) , L and monensin may affect ruminal N degradation in different ways.
An interaction of K and L (P<.01) was observed for serum urea nitrogen (BUN; table 4). Lasalocid in the CL diet decreased (P<.10) BUN compared with the C diet, but L in the PL diet increased (P<.10) BUN. Lowered BUN with CL may reflect a protein sparing effect of L, which might occur through increased supplies of propionate, which is gluconeogenic. Results of this study suggest that effects of L and K are relatively independent over the range of K concentrations evaluated. Interactions observed (NDF digestion, acetate, propionate, BUN) were not reflected in lamb performance data. Effects of L may, however, be different depending on the basal K level. In this study, basal K levels were above the requirement (NRC, 1975) for growing lambs. Moreover, the response of other ionophores to K may differ from that of L. Additional studies are needed to define more clearly potential effects of K, or perhaps other minerals on the activity of various ionophores. It is clear from the present study, however, that K levels of up to 2.5% of dietary dry matter do not markedly alter effects of L on feedlot performance of lambs. 14.3 h 1.0 ac = 1.1% K diet, CL = .9% K diet + 21.3 mg/kg lasalocid, P = 2.1% K diet, PL = 2.5% K diet + 20.0 mg/kg lasalocid.
bstandard error of treatment means; n = 4, except for urea N in which n = 3 for the PL diet. CK X lasalocid interaction (P<.05).
d'eMeans in a row that do not have a common superscript differ (P<.05).
f'g'hMeans in a row with different superscripts differ (P<. 10).
